Objective: To investigate intrinsic palatal and alveolar tissue deficiency in patients with unilateral cleft lip and palate (UCLP) as compared to age-matched individuals without UCLP using surface area measurements on 3D scans of plaster casts. Methods: 22 maxillary casts of infants with UCLP from the Wyss Department of Plastic Surgery of NYU Langone Medical Center and 37 maxillary casts from infants without clefts from Sillman's longitudinal study were scanned by Ortho Insight 3D by Motion View Software, LLC (Chattanooga, TN) and measured using Checkpoint software (Stratovan, Davis, CA). The palatal and alveolar surface areas of each cast were measured. The most superior point of the alveolar ridge in front of the incisive papilla and the most superior point of each maxillary tuberosity were connected by a line that ran along the highest part of the alveolar ridge. This line was used to set boundaries for the palatal surface area measurements. The surface areas of greater and lesser segments were measured independently on UCLP casts. A total palatal surface area for the UCLP sample including width of the cleft gap was also measured. Results: There was a statistically significant difference in surface area (P > .001) when we compared the UCLP area of the cleft segments alone with the non-cleft sample. There was a positive correlation (determine the statistical significance) between the surface area of the cleft segments and cleft gap. In addition, there was a statistically significant difference between UCLP plus cleft area and the non-cleft samples in surface area (P < .0001). Conclusion: An intrinsic palatal and alveolar tissue deficiency exists in patients born with UCLP. The amount of tissue deficiency for a patient with UCLP should be considered when developing and executing a patient-specific treatment plan.
Introduction
Patients born with unilateral cleft lip and palate express varying degrees of midface hypoplasia throughout the period of facial growth. The literature is replete with studies that attempt to explain the etiology or causative factors responsible for midface deficiency in this population (Fraser, 1970; McInnes et al., 2002; Mossey et al., 2009 ). There have been few studies (Chiu et al., 2011) addressing the intrinsic palatal and alveolar tissue surface area in patients with unilateral cleft lip and palate. Surgical intervention to repair the alveolar and palatal cleft defects has also been implicated as the cause of reduced midface growth. Thus, it is believed that maxillary hypoplasia is a sequela often seen in patients with cleft palate that is due to both intrinsic tissue deficiency as well as a consequence of the surgical treatment protocol (Slaughter and Pruzansky, 1954; Ross, 1987) . Conversely, Shetye and Evans found that the "potential" for normal maxillary growth in cleft palate patients exists but primary surgical closure can be implicated in future maxillary hypoplasia (Shetye and Evans, 2006) . Some studies have shown no correlation between cleft of the lip alveolus and palate and maxillary hypoplasia (Schwartz et al., 1984; Friede et al., 1988; Suzuki et al., 1993; Johnson et al., 2000) . In light of this, Peltomäki et al. (2001) studied maxillary growth in relation to cleft size and found that, when assessing solely the maxilla and not the maxillomandibular or occlusal relations, significant correlations where found. Patients with "large clefts and small arch circumference or arch length had less favorable maxillary projection than those with small clefts and large arch circumference or arch length by the age of 5.4 years" (Peltomäki et al., 2001) . Furthermore, this research corroborated the work of Millard and Latham (1990) , who also found that the severity of the cleft was a major factor in maxillary growth. Likewise, other researchers have found similar results demonstrating that size of the cleft is a major contributor in maxillary hypoplasia and midface deficiency (Johnson et al., 2000; Honda et al., 2002) . In a recent study, Chiu et al. (2011) looked at maxillary deficiency in patients born with unilateral cleft lip and palate (UCLP) as it related to the severity of the initial cleft. What they found was that the severity of the initial cleft played a major role in both width and relative deficiency later in life (Chiu et al., 2011) .
Thus far, no studies have compared the intrinsic alveolar and palatal tissue deficiency between patients with unilateral cleft lip and palate and a normal age matched control population.
Hypothesis and Objectives
The aim of this study was to compare the palatal and alveolar surface areas of infants born with UCLP to that of an agematched non-cleft population of Sillman (1964) . Palatal and alveolar tissue surface areas were measured on scans of dental casts from consecutively presenting infants born with nonsyndromic UCLP and the non-cleft population of Sillman. In addition, the size of the alveolar gap was measured on the scans of the UCLP sample. The null hypothesis is that there is no intrinsic maxillary deficiency in UCLP patients when compared to a non-cleft sample.
Materials and Methods

Sample Selection
Two samples were employed in this retrospective study. One sample included maxillary casts of consecutively presenting infants with complete UCLP from the NYU Langone Medical Center, New York, NY, from 1995 to 2010. Raw data for this sample are displayed in Table 1 . The non-cleft sample from Sillman's 1964 longitudinal study served as controls (Sillman, 1964) . Raw data for this sample is displayed in Table 2 . This sample included deidentified, duplicate, maxillary casts from Sillman's longitudinal study that were in the possession of the principal investigator. Initial power analysis was not utilized in this retrospective, cross-sectional study, as the sample size was dictated by both the total number of UCLP casts and the total number of non-cleft infant casts available for study. Post hoc power analysis did show that our sample had an 83% power for detection of a large effect size at the 5% level (2 tailed).
Approvals of the institutional review board of the Boston University Medical Campus and the NYU Langone Medical Center were obtained.
Inclusion Criteria
The cleft sample consisted of 22 consecutive, untreated infants with non-syndromic complete unilateral cleft of the lip and palate (UCLP). The control sample consisted of age-matched study models of non-cleft infants, provided by Sillman (1964) . Thirty-seven patients met this criteria. All of the impressions and casts in the Sillman study were made on infants from birth up to 4 months of age.
The inclusion criteria for both samples were that the participants had not been treated surgically or received early orthopedic therapy. Demographic data for the sex distribution of both samples is described in Table 3 . This study was restricted to infants who were determined to have nonsyndromic 
Surface Area Analysis
Maxillary impressions were obtained for fabrication of nasoalveolar molding appliances as described by Grayson and Shetye (2009) with Colteen PVS impression material (mean age 16.95 days, range 7-41 days). Once the casts were produced, the sample was digitized with a 3Shape R700 scanner and Ortho Analyzer Software (Copenhagen, Denmark) to an STL file on site in the Department of Plastic Surgery of the NYU Langone Medical Center. The scanner reports an accuracy of 20 mm. The deidentified casts from the Sillman sample were digitally scanned by the first author using Ortho Insight 3D by Motion View Software (Chattanooga, TN). According to the manufacturer, the scanning resolution ranges between 35 and 40 mm dependent on ambient humidity. Once all casts were digitized to STL files, they were imported into Checkpoint software (Stratovan, Davis, CA) so that surface area measurements could be performed. For both the non-cleft and the UCLP sample, identification of the palatal, alveolar, and cleft boundaries (UCLP sample only) were aided by magnification of the scanned cast, rotation, and additional software enhancements. Within the Checkpoint software, the program allows the user to plot perpendicular arrows over the surface area he or she wishes to measure. Each arrow can be highlighted and then seen in 3 dimensions to more accurately allow the user to plot points within the axial, coronal, and sagittal (X, Y, and Z) planes. This can be seen in Figure 1 . Through this approach to 3-dimensional plotting, each point that delimits the surface boundary contributes to the precision of segment (UCLP sample only) and total surface area measurements (both non-cleft and UCLP samples). In the UCLP sample, both the palate and alveolus were divided into greater and lesser segments. Boundaries for the surface area measurements were set according to conventionally used landmarks by Friede et al. (1988) and Seckel et al. (1995) .
The measured palatal boundary was not set as wide as Friede and Seckel because the vestibular sulcus is often difficult to identify on dental casts as a result of the variation in impression technique and challenging delineation of vestibular height. Instead, a line along the most occlusal height of the alveolar ridge of each segment was used to define the lateral limit of the cleft alveoli. A total palatal surface area for the UCLP sample inclusive of the cleft was also measured in a similar fashion. The posterior palatal boundary was defined by a line connecting the bilateral maxillary tuberosities. The most anterior boundary of the cleft was defined along a line connecting the anterior ends of the greater and lesser alveolar crests. When the greater and lesser alveolar segments are measured independently, excluding the area of the alveolar gap between them, the sum of the areas of the 2 alveolar and palatal surfaces represents the existing palatal and alveolar surface area tissue. The total surface area was measured inclusive of the "gap" by placing a mesh (used to measure) over the space between the greater and lesser alveolar segments.
After the boundaries of the palate, alveoli, and cleft were defined, surface areas were measured as shown in Figure 2 . 
Statistics
The digital scans of all casts were imported into Checkpoint software (Stratovan) so that surface area measurements could be performed. These data were exported to Microsoft Excel software for statistical analysis. Descriptive statistics and comparison of total surface area measurements between the 2 samples were performed using independent sample t tests. Findings with P values less than .05 were considered statistically significant.
Intraexaminer Error
The surface area data of 10 casts from each group were collected and used to test for intrainvestigator reliability. Measurements were repeated by the same investigator 1 week later under the same conditions. An interclass correlation analysis was performed to show the reliability between the 2 readings. Intra-examiner reliability for all the variables was 87% to 99%. Once the level of intrarater reliability was established and satisfactory, the remaining sample was measured using identical criteria and conditions.
Results
Independent sample t tests were performed between the surface area measurements on the scanned UCLP and non-cleft casts.
Mean surface area measurements for the greater and lesser segments alone (Total -cleft) showed statistically significant differences compared to the non-cleft subjects at alpha 0.05 (with P value < .001) at 359 + 74.49 mm 2 for the greater segment and 249.1 + 55.15 mm 2 for the lesser segment in comparison to 801.88 + 79.9 mm 2 as shown in Tables 1 and 2 . The mean total surface area was 801.88 + 79.90 mm 2 for the non-cleft sample, 916.51 + 177.07 mm 2 for the total surface area þ cleft area in the UCLP sample, and 608.10 + 113.31 mm 2 for the total surface area -cleft area in the UCLP sample, as shown in Table 3 . We found statistically significant differences between UCLP þ cleft area (Total þ cleft) 916.51 + 177.07 mm 2 and the non-cleft samples 801.88 + 79.9 mm 2 in surface area at alpha 0.05 (with P ¼ .001) as shown in Table 4 .
There was a positive correlation between size of cleft gap and total alveolar-palatal area in the UCLP patients.
Collectively, the 2 samples included 27 males and 32 females with a mean age of 23.46 + 28.48 days. Data on gender and age differences for total surface area were not analyzed because of the small sample size.
Discussion
Through the availability of digital scanning hardware and 3D software analysis tools, cleft teams potentially have the ability to identify, sequence, and better predict the outcomes of treatment in the UCLP population.
When the alveolar and palatal surface areas are measured, apart from the cleft gap area, we have a specific surface area measurement of existing palatal and alveolar tissue. The data in this study supports the hypothesis that there is an intrinsic tissue deficiency in the maxilla of infants with UCLP. Therefore, investigation of the initial surface area of the palatal and alveolar tissues may eventually enable clinicians to better understand intrinsic tissue deficiencies in UCLP and how they relate to the timing of both surgical and orthodontic interventions, while more accurately predicting the patient's growth prognosis.
When we looked at the proportion of the cleft in relation to the total surface area of the palate, there was a positive linear correlation (Pearson correlation coefficient 0.685896) between size of the cleft gap and the total alveolar-palatal area in the UCLP patients. Therefore, a large cleft gap correlates with greater surface area of the alveolar-palatal tissue and not with greater tissue deficiency or cleft severity as once believed.
Our study stands in contrast to Chiu et al. (2011) , where there were disparities in landmark designation for the palatal boundary.
The most significant difference between previous studies on surface area of clefts and the study at hand can be noted in the decision to choose the most superior height of the ridge as the lateral limit of the measurement as opposed to the depth of the vestibular sulcus. We chose not to use the vestibular sulcus as the lateral boundary of the alveolar surface area, as the height of the sulcus is variable and depends upon the extension of the impression tray and the amount of pressure that the clinician exerts upon seating the impression tray in the mouth. However, the landmarks along the alveolar crest are not affected by these 2 variables, thus remaining reproducible and reliable.
Because of the retrospective design of this study, direct patient and/or family examination or questioning was not possible. There were also limitations of sample size because of the samples themselves.
The study's small sample did not allow for more specific criteria based on ethnicity, familial influence, birth weight, maternal health, and other contributing factors to alveolar and palatal morphology. Ethnicity in this study was dictated by the available sample. Because ethnicity plays a significant role in the prevalence of clefts, it is important to know that this may be a confounding variable.
Additionally, utilizing a historical control sample can have several inherent limitations. Limitations such as selection bias as well as reliability and accuracy of data taken from another sample, which could potentially alter the control sample data, need to be recognized.
Finally, by extrapolation of our data, we may predict that when the greater and lesser segments are brought together by presurgical infant orthopedics and/or "muscle molding" following repair of the cleft lip and restoration of the orbicularis oris sphincter, one may expect the dental alveolar arch and palate to have less than normal surface area.
Summary and Conclusions
From this study, we can make the following conclusions:
(1) patients with complete UCLP have an intrinsic palatal and alveolar tissue deficiency compared to the Sillman sample of infants born without clefts; (2) a large cleft gap correlates with larger alveolar-palatal surface area and not with overall cleft severity as once believed; and (3) the amount or severity of intrinsic tissue deficiency should be evaluated, quantified, and considered in development of the surgical and orthodontic treatment plan. This information can be shared with the caregivers as part of informed consent.
The overall trend of our data differs from the most current UCLP study, which suggests a "developmental tissue deficiency" (Chiu et al., 2011) as opposed to an intrinsic one. In contrast, our data showed that there is an intrinsic tissue deficiency identifiable in infants born with UCLP, which is modified by subsequent surgical interventions.
The results of this study provide cleft teams and families with an appreciation of the intrinsic tissue deficiency that exists in children born with UCLP. Further studies with increased sample size would better control the standard deviations but not measurably increase the significance of the measurements. Through such surface area measurements, we may be better able to customize our diagnosis and treatment plans according to the unique physical findings of our patients.
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